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© Plasma processing method. 

© A method of plasma-processing which com- 
prises the step of plasma-processing a matter (42) 
mounted on a component (30) in a plasma process- 
ing vessel (50) by using plasma gases, and the step : 
of introducing an inactive gas into the plasma pro- 
cessing vessel (50) when no plasma process is 
conducted in the vessel (50) and gases resulted 
■ from the previous plasma process remain therein. 
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Plasma processing method 



The present invention relates to a plasma pro- 
cessing method. 

In the case of a plasma process device such 
as the plasma etching device, upper and lower 
electrodes are opposed to each other in a plasma 5 
processing vessel. A matter to be processed is 
mounted on the top of the lower electrode. Etching 
gases are introduced into the plasma processing 
vessel and RF power is applied between the upper 
and the lower electrode. As a result, plasma of the w 
etching gases is excited. Chemical etching is ap- 
plied to the matter by radicals created in the plas- 
ma while applying physical etching to the matter 
by ions created in the plasma and accelerated by 
electric field between the upper and the lower 75 
electrode. 

In order to maintain good etching characteris- 
tics in this case, the lower electrode on which the 
matter is mounted is cooled by liquid He, for exam- 
ple, and the temperature of the matter is thus 20 
controlled certain. 

Further, the plasma processing vessel is being 
made vacuum over a time period from the finish of 
the plasma etching process to the start of a next 
plasma etching process. The plasma processing 25 
vessel which has been thus made vacuum to a 
certain extent is made ready for the next plasma 
etching process. 

Even in the case of this plasma etching device, 
the etching gases are decomposed to a deposition 30 
when they are transformed to plasma. Just after 
the plasma etching process is finished and the 
process of making the plasma processing vessel 
vacuum is started, a flow of gas is created in the 
plasma processing vessel due to the process of 35 
making the vessel vacuum. The deposition is thus 
exhausted along this flow of gas from the plasma 
processing vessel. 

After the plasma processing vessel has been 
made vacuum to a certain extent, however, the flow 40 
of gas is gone out. As a result, the deposition is left 
floating* in the plasma processing vessel. 

The deposition floating in the plasma process- 
ing vessel is gasified by that component which is 
cooled in the vessel. And the deposition adheres to 45 
the component in this case. Particularly after the 
plasma process is finished and the matter is re- 
moved from the top of the lower electrode, most of 
the deposition floating in the plasma processing 
vessel adheres to the top of the lower electrode on so 
which the matter to be processed is mounted, 
because the lower electrode is cooled to a pre- 
determined temperature, as described above. 

When the matter to be processed is mounted 
on the top of the lower electrode to which the 



deposition has adhered and the plasma etching 
process is applied to the matter under this state, 
the following problems are caused. 

The deposition adhered makes the top of the 
lower electrode uneven. The distance between the 
matter which is mounted on the uneven top of the 
lower electrode and the upper electrode which is 
located above the matter and opposed thereto be- 
comes different at various points on the face of the 
matter. As the result, etching characteristics or 
homogeneity of etching rate relative to the face of 
the matter is deteriorated accordingly. 

Further, the deposition on the top of the lower 
electrode adheres to the underside of the matter. 
When the matter is to be processed at a next 
stage, therefore, the deposition on the underside of 
the matter acts as particles to thereby decrease the 
productivity of the matters processed. 

The object of the present invention is to pro- 
vide a plasma processing method capable of more 
reliably preventing the deposition from adhering to 
a component on which a matter to be processed is 
mounted, enhancing the homogeneity of process- 
ing characteristics relative to a face of the matter. 

Another object of the present invention is to 
provide a plasma processing method capable of 
more reliable preventing the deposition from adher- 
ing to a matter to be processed, increasing the 
productivity of the matters to be processed to a 
greater extent. 

According to the present invention, the plasma 
process is applied to the matter mounted on the 
component in a plasma processing vessel by using 
plasma process gases, and an inactive gas is intro- 
duced into the plasma processing vessel when no 
plasma process is conducted in the vessel and 
gases resulted from the previous plasma process 
remain therein. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is an illustrative view showing a brief 
constitution of a plasma etching apparatus which is 
used in a method of the present invention; 

Fig. 2 shows an arrangement of the plasma 
etching apparatus to which a method of the present 
invention is applied; and 

Rg. 3 shows the relationship between etch- 
ing gas introducing and N2 gas introducing before 
and after the etching treatment. 

A case where the present invention is applied 
to an etching apparatus as a plasma etching means 
will be described in detail with reference to the 
drawings. 
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Fig. 1 is an illustrative view showing a brief 
constitution of a plasma etching apparatus which is 
used in a method of the present invention. 

This plasma etching device includes upper and 
lower electrodes 10 and 30 opposed to each other 
wherein a semiconductor wafer 42 which is to be 
etched is mounted on the top of the lower elec- 
trode 30. RF power of 380 KHz is applied between 
the upper 10 and the lower electrode 30 through an 
RF power source 40. The wafer 42 is etched by 
plasma created between the upper 10 and the 
lower electrode 30 by etching gas introduced be- 
tween them through a plurality of holes in the 
upper electrode 10. 

The upper electrode 10 has a conductive heat 
transmission member 12 which is shaped like a 
flange. A cable extending from the RF power 
source 40 is connected to this heat transmission 
member 12. 

First and second diffusion plates 14a and 14b 
each having a plurality of holes are held parallel to 
each other by spacers 16a and 16b in a recess of 
the heat transmission plate 12. A reinforcing plate 
18 and then an amorphous carbon electrode 20 are 
attached to the open end of the recess in the heat 
transmission plate 12. A shield ring 22 is mounted 
on the amorphous carbon electrode 20 along the 
peripheral rim portion thereof to define the diam- 
eter of that area thereof which is exposed to plas- 
ma. 

The wafer 42 can be mounted on that top of 
the lower electrode 30 which is swelled like a disk. 
A ring-shaped clamp member 32 is located round 
the lower electrode 30 to fixedly hold the wafer 42 
between them. The lower electrode 30 is earthed. 
A system 34 for circulating a cooling medium such 
as liquid He is arranged on the underside of the 
tower electrode 30, as shown in Fig. 2, to cool the 
lower electrode 30 to predetermined temperature. 

The upper 10 and the lower electrode 30 are 
separated from each other and kept parallel to 
each other in a chamber, as described above, to 
thereby form an etching apparatus of the parallel- 
plate type. 

A control system for this etching apparatus will 
be described referring to Fig. 2. 

The upper 10 and the lower electrode 30 are 
housed in a plasma processing vessel 50, which is 
provided with an exhaust port 52 at the underside 
thereof. Connected to the exhaust port 52 are an 
APC (auto pressure control) valve 54, a conduc- 
tance valve 56, a turbo molecule pump (TMP) 58 
and a rotary pump (RP) 60. Another rotary pump 
(RP) 66 is connected to a load lock chamber 62 
through a valve 64, said load lock chamber 62 
being located adjacent to the plasma processing 
vessel 50. 

Etching gases such as CCJU, He and O2 or 



FC4, Ar and CHF 3 are introduced into the plasma 
processing vessel 50 through the upper electrode 
10 and the amount of each etching gas supplied 
through each of etching gas supply systems 70 
5 can be controlled by a mass flow controller (MFC) 
72. 

A system for supplying inactive gas such as N 2 
into the plasma processing vessel 50 is also pro- 
vided with a MFC 82 on the way thereof. This N 2 

70 gas can be introduced into the plasma processing 
vessel 50 at a time when no plasma process is 
conducted therein. The amount of N 2 supplied 
when no plasma process is conducted in the plas- 
ma processing vessel 50 is set 200 to 1000 SCCM, 

75 for example, larger than that of the etching gases 
supplied when plasma process is being conducted, 
so that a reacted product (or deposition) which will 
be described later can be more effectively ex- 
hausted. 

20 A part of the N 2 supply system 80 is common 

to the etching gas supply systems 70 in the above- 
described arrangement, but the N 2 supply system 
may be made independent of the etching gas 
supply systems 70. 
25 An example of the plasma etching method will 

be described using the above-described plasma 
etching apparatus. 

RF power is applied between the upper 10 and 
the lower electrode 30 through the RF power 
30 source 40 while the ietching gases are being intro- 
duced from the etching gas supply systems 70 into 
the plasma processing vessel 50 through the upper 
electrode 10. Plasma is thus excited between the 
upper 10 and the lower electrode 30. Radicals 

35 created in the plasma are stuck onto the surface of 
the wafer 42 to cause chemical reaction, while ions 
decomposed in the plasma are accelerated by 
electric field generated between the parallel-plate 
electrodes to collide with the wafer 42. The wafer 

40 42 which is to be etched is thus etched. The 
etching of this parallel-plate type enables an- 
isotropic etching to be achieved while relatively 
reducing side etching. In short, etching of micro- 
patterns can be realized. 

45 After the plasma etching process is finished, 
the clamp member 32 is lifted to release the wafer 
42 from its being clamped between the clamp 
member 32 and the lower electrode 30. The wafer 
42 left on the top of the lower electrode 30 is then 

so supported by a member such as the handler and 
carried into the load lock chamber 62. 

A new wafer 42 in the load lock chamber 62 is 
then carried into the plasma processing vessel 50 
where a next plasma etching process is conducted 

55 relative to the new wafer 42. 

According to this embodiment, as shown in 
Fig. 3, the supply of etching gas (G) is exchanged 
with the supply of N 2 gas (N) as an inactive gas by 
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gas supply system 70 and 80 in accordance with 
the stopping of etching treatment by RF output 
when no plasma is conducted. Further, the supply 
of the etching gases into the plasma processing 
vessel 50 through the gases supply system 70 is 5 
stopped at the time when no plasma process is 
conducted. The inactive gas N2 is introduced into 
the plasma processing vessel 50 through the N 2 
supply system 80 while the plasma processing 
vessel 50 is exhausted through the exhaust port 52. 70 

When the gas N 2 is introduced into the plasma 
processing vessel 50 while exhausting it, as de- 
scribed above, a flow of the gas N 2 can be created 
in it. 

The etching gases are decomposed by the 75 
plasma in the course of the above-described plas- 
ma etching process. As the result, the deposition is 
created and it remains in the plasma processing 
vessel 50. This deposition is likely to adhere to that 
part whose temperature is the lowest in the plasma 20 
processing vessel 50. 

After the wafer 42 is removed from the plasma 
processing vessel 50, that part, lowest in tempera- 
ture in the plasma processing vessel 50, is the 
surface of the lower electrode 30 which is cooled 25 
by the liquid He circulating through the system 34. 

However, if the flow of the gas N 2 is kept in the 
plasma processing vessel 50 at the time when no 
plasma process is conducted therein, the deposi- 
tion floating in the plasma processing vessel 50 30 
can be exhausted through the exhaust port 52 
together with the gas N 2 flowing in the vessel 50. 
In addition, the gas N 2 is introduced from above 
onto the surface of the lower electrode 30 in the 
case of the above-described plasma etching de- 35 
vice. This means that the gas N 2 is blown onto the 
surface of the lower electrode 30. The flow of the 
gas N 2 can act therefore as a film for protecting 
the surface of the lower electrode 30, so that the 
deposition can be more reliably prevented from 40 
adhering to the surface of the lower electrode 30. 

It may be arranged that the inactive gas is 
blown onto the surface of the lower electrode 30 on 
which the wafer is mounted. 

Another measure of preventing the deposition 45 
from adhering to the surface of the lower electrode 
30 is to create in the plasma processing vessel 50 
a part which is lower in temperature than the sur- 
face of the lower electrode 30 or to cool the wall of 
the plasma processing vessel 50. When the depo- so 
sition is stuck to the wall of the vessel 50 in this 
manner, the amount of the deposition stuck to the 
surface of the lower electrode can be reduced. 

Particularly in the case of the plasma etching 
apparatus, however, it is preferable that the wafer 55 
42 is etched under circumstances as clean as 
possible. The method of the present invention by 
which the deposition is exhausted by the gas N 2 is 



therefore by far better. In the case where the 
deposition is stuck not to the surface of the lower 
electrode 30 but to the other part or wall of the 
plasma processing vessel 50, the vessel 50 must 
be more often cleaned. When the method of the 
present invention is employed, therefore, the plas- 
ma processing vessel 50 can be more easily main- 
tained. 

According to the present invention, the inactive 
gas is introduced into the plasma processing ves- 
sel at the time when no plasma process is con- 
ducted therein or gas resulted from the plasma 
process still remains therein. 

When no plasma process is conducted, there- 
fore, the flow of the inactive gas can be kept in the 
plasma processing vessel. This flow of the inactive 
gas can be realized particularly on the top of the 
lower electrode which has been cooled to the pre- 
determined temperature, so that the deposition can 
be prevented by the flow of the inactive gas from 
adhering to the top of the lower electrode on which 
the wafer is to be mounted. If the inactive gas is 
blown onto the top of the lower electrode, the effect 
of preventing the deposition from adhering to the 
lower electrode can be further increased. 

When the plasma process is to be conducted, 
therefore, the matter or wafer to be processed can 
be mounted on that top of the lower electrode 
which is little concaved and convexed by the depo- 
sition. This enables the homogeneity of processing 
characteristics relative to the wafers to be in- 
creased. Further, no deposition adheres to the un- 
derside of the wafer, in other words, no particle is 
created on the underside of the wafer. Therefore, 
the productivity of the wafers can be increased to a 
great extent. 

Still further, the gas by which the deposition is 
exhausted from the plasma processing vessel is 
inactive. Even when the inactive gas still remains in 
the plasma processing vessel at the start of a next 
process, therefore, the process is not damaged by 
the remaining inactive gas. 

The present invention can be applied to other 
plasma processes as well as to the one which is 
conducted by cooling the lower electrode on which 
the wafer to be processed is mounted. 

Other gases can also be used as the inactive 
gas instead of N 2 . 

According to the present invention as de- 
scribed above, the inactive gas is introduced into 
the plasma processing vessel at the time when no 
plasma process is conducted and gases resulted 
from the plasma process still remains therein. This 
can prevent the deposition from adhering to that 
part, which is lower in temperature, in the plasma 
processing vessel. The homogeneity of processing 
characteristics relative to a face of the matter to be 
processed can be increased accordingly. Because 
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no deposition adheres to the underside of the mat- 
ter to be process, no particle is created thereon. 
This enables the productivity of the matters pro- 
cessed to be increased. Further, the gas by which 
the deposition is exhausted from the plasma pro- 5 
cessing vessel is inactive. Even when the inactive 
gas still remains in the plasma processing vessel at 
the start of a next plasma process, therefore, the 
process is not damaged by the remaining inactive 
gas. io 

Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 



Claims f5 

1 . A method of plasma-processing which com- 
prises the step of plasma-processing a matter (42) 
mounted on a component (30) in a plasma pro- 
cessing vessel (50) by using plasma process gas- 20 
es f and the step of introducing an inactive gas into 

the plasma processing vessel (50) when no plasma 
process is conducted in the vessel (50) and gases 
resulted from the previous plasma process remain 
therein. 25 

2. The method according to claim 1 , character- 
ized in that the inactive gas is introduced into the 
plasma processing vessel (50) immediately before 
or after the plasma process. 

3. The method according to claim 1, character- 30 
ized in that the component (30) is cooled to adjust 

the temperature of said matter (42) to a predeter- 
mined value. 

4. The method according to claim 1, character- 
ized in that the inactive gas is introduced into the 35 
plasma processing vessel (50) by flowing the inac- 
tive gas to the surface of said component (30). 

5. The method according to claim 1 , character- 
ized in that the inactive gas is introduced into the 
plasma processing vessel (50), substantially at the 40 
same time an etching treatment of said matter (42) 

is stopped. 

6. The method according to claim 5, character- 
ized in that the inactive gas is introduced into the 
plasma processing vessel (50) by switching in- 45 
traduction of etching gas into said vessel (50) to 
introduction of the inactive gas into said vessel. 

7. The method according to claim 6, character- 
ized in that said inactive gas is N 2 gas. 

8. The method according to claim 6, character- 50 
ized in that the inactive gas is introduced into the 
plasma processing vessel (50) by switching in- 
troduction of etching gas into said vessel (50) to 
introduction of the inactive gas into said vessel 
(50), and the inactive gas is exhausted from said 55 
vessel (50). 
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ivtv^. h52ictt. E.xmnmv*. p. 

C (Auto Pressure Control) ri AffSA, 3 > 9 9 
* > X Ajl/:T56, *-iK#*xK>:/(T. M . P) 53 

atfn — it y-rffi/^ (R. p) eotf-en-eni** 

a « n - K o v 9 * * 62ic , 

64lMtn-* 'J-jKv^ <R. p) 66#tt*i 

* fc, *X«***bT, CCD**. B«. 0.. X. 
CP« t Ar. CHFa ©:£*^>£r*fx«:* ^9X7fi 
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s**. f&e»*m2<&«a»**} * s ic. * 
acis, t*/p^ r x • 

asnrvx*. juv r x • * - jK v2o 

? r x • * -a* v«tt2o*, * ? x-* * a/r 

au*:n/\42*«l*T* * *3 c * r» T 6 . * 
L-C, «ttUfc«>x^42<O»ia»%Tas«*30H 

*»«*T***<*lle«>***34# 

Gl^ntoi, : y , c(d««*34ic *o-c 
»A*70C * ^x^n~=i>hn 

-?(M. F . C) 7ZIC * o T«f|1»Itt ^ * . 

iAKso^ait^ntv^. so**ic*-ii. F • 
c ntffiV2^tv>o. c on. xfc, □ * x 

h X *> IC^o X V* *. ttt; H. F • C 82Hio 
*B*X*©*v* V f*X«D*t»ft*± « 
^, ^fo-feXsf tt^r<DR.^X©«lft»«*:^< 
(flit 200— I0OOSCCH) bt^-t & 3 t C J: U • * 

»,*fx«IA3R30«>-»tt., 
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-h»**10&tf TS5*«30<8H ICR F« 

*40*&<&R F/*? - ft»im*r i . ttt, x* 
:nic*y, ±», T«*ttio, 3oraic:f5X 

»A«ivS«»fcX-3-Cil»ai'T 9 X/\42*C«« 
Sit. *x/x42S>Xy *:/iffef7}« 

} *c tT¥t7¥fiffl«)xy * > ? ^ * » - 
Jfc«tt*-f Ki y ^ % » it • H**xy^V 

^5 X-7X**->>rai«#|*7T**:,*?V 
'<-*#32fc±*3 -fr. X/>42<D*#*J1 * §* 
»t4. »V>t. T«*«30J:<&i&3a»r** x^ 
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*x/>42fc. *9 X VfcMSSSOrt ICRS T 
r r T . C©*tt«TI*, tf JB 3 B *C m T 

x* * vefj6*(E) otfiktcnnit. -fix-* 

<D**<H> «»J*iL. Xy * Vif *fxa>:f?xv 
*3l»«50rt^O* A trffifcT* t #C A, » A 

Afcftv*. *o . j: ftfcttSaf- KS2fc*UT » 

i<D*}lCN»*Xfc:/5 XTj&a«150A CI 

T»3l««50rt WIN. A <a Sift c: # 



tfifci**#ffcjft£ ft-c xv feiissso* ic« 
■ M>f**>a*tf**ttv**i*icfsr*u* < 

& • 

■>X'N42#H*Sftfca'Ctt. ^5X7ftl* 

**p* *vr v>*Tfi*««30<oa*ffi^* * . 

-/^XvlftJaifttJKOItlC** ^9X7 

*. r<Dfcib, ^9X7fti*»50«i:#llt 
V**KJ&£**** COS, if AOfcft K**T* 
fi*-h52*y*ffi'r*c:i:tf'?S*. 

»*« 30 btttfflt*. 



*«i£fc«^lCtt. ^5X7«M#50«)ftjf t 

-f? x-7 j&a#«5o<o -<v^*>A*ja*s* 
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»*J:}lc-rii.fcC, r CD 2 ^ tBfti^h 
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A 9 tt X?M * ft 5 *^X^x**vif 

a*©* 5 x«7*aic%»pn*icaji -c * . «*tf 

*»tt*f Xfc LTtt. (fit 

fit! * z. ttttoXT fc*. 

x li^f * z. k ic J: M . :f 5 X^»«*»*i<B 



AH , * 3 m itm 1 B&T/£ 2 B CD * 

* a w r * fc * <o tt » h -e * a . 



70 



mfc h ^ttirX d 




,3A J- 



-56 



t.m.p --58 
p.p. [—60 



* 2 B 
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* 1 



2. 6. 8 



« if ir « * 



J" 



T 

E 



8 3 



I. 

*ft 2 0 2 5 3 6# 

2, 

a. «JE*r*« 

**»«faBB«» 1 TH 2 S#2# 

«*# + ■ * * 

4. M£0*tft 
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(DfHHMUHSl 5lfB7bM»l 6ltH 

r**H e j * rjttt j 
<2)91iiS»3Mmi 8ftB 

(3) 9W»»4 MS 2 ItH 

f«H ej * Tftttj 

(4) Bfl«»»8M» 1 9fT@ 

C5)9HB»S9H»lfTl 

(E11IIBS9MC1 9trl 

rcCDl. j t fCCU j iiiET*. 
(7)tB«»»l 3U*6JtB 



+ 



[MB]fffilO$ ( 1 9 9 8) 1 0 /3 2 3 B 



[&M«r^] #1^3-4 8 4 2 1 
5 - [ftHBl ¥&3^ (1 9 9 1) 3B1B 

l^M^-m &S#8¥^«3 — 4 8 5 
^ [ffiMHM »«¥2 — 1-0 2 5 3 6 

HOIL 21/3065 



C23C 

C23F 
HOIL 

[FI] 
H01L 

C23C 

C23F 
H01L 



16/44 
16/50 
4/00 
21/205 
21/31 

21/302 
16/44 
16/50 
4/00 
21/205 
21/31 



B 
D 



# m n m * 



i. *h*<d*h* 

2. 



3. ttSA 
& Si 



t 1 6 2 

TEL OS (5 2 2 8 ) 6 8 S1 (ft) 
FAX 03 (3226) 6 8 2^ 
C9595) #ffi+ * # £ 



4. 

( 1 ) WJaBcDtttftlSff^BHOW 
(2) WJ9«*5 Jl»l Sff-EHSSl 




r ■ • • «*spsK*sm#**J 

(3> W»9*6S»2 0fi-»7K*ltiC, 

r . • . ktMti^ j 

(4) 9UHS*1 0H»17ff^ 

r • . - Kauxfcius j 

(5) *JB#*12K*14ItIC, 
r • • * *-5*cLT^&. j 



-1 



4 



(7) 93BSS5 1 6HS3fr«r. 

x*3Ar6J:-5u«j£*nT^s. «e->r. 8 flic* 
r 5-x.zzt*tii\ j 




(JWtt i ) 

1 . *JIT»#©»H 

i^x^jBaas. 
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